Abstract: Changes in climate extremes have become a hot issue in the research field of climate change recently. Many studies have reported that climate extremes have occurred more frequently and with increasing intensity in recent decades. In this study, thresholds of precipitation and drought extremes were determined by the cumulative distribution function, and their spatiotemporal changes over the past half-century in China were analyzed by relative change rate. The results show that: (1) precipitation extremes increased in all regions except North China, while increasing trends of drought extremes were detected in all regions except Northwest China and the Qing-Tibet Plateau; (2) the maximum change rates in frequency of precipitation extremes were found in Northwest China and the Qing-Tibet Plateau, with values of 16.13% and 8.12%, and the maximum change rates in frequency of drought extremes were in Southwest and Southeast China, whose increases in intensity of drought extremes were also the maximum; (3) variation in precipitation extremes showed a relatively mixed pattern with higher heterogeneity compared to that of drought extremes; and (4) changes in precipitation and drought extremes relate to mid-intensity, lower-intensity, and annual precipitation.
Introduction
Nowadays, one of the hottest issues of global concern is climate change and its impacts. In recent years, extreme climate events have occurred more frequently under continuous global warming [1, 2] . A climate extreme is defined as the occurrence of an extreme weather or climate event with a weather or climate variable having a value above (or below) a threshold near the upper (or lower) end of the range of observed values of the variable [3] . Climate extremes, especially precipitation extreme (PE) and drought extreme (DE), interacting with exposed and vulnerable human and natural systems can lead to disasters. Shifts in the frequency and intensity of climate extremes have more profound and lasting impacts on nature and human society than do gradual changes in climate.
The number of studies on climate extremes all over the world has risen sharply in recent years. Most of these studies are mainly focused on the trends of extremes, their attributes, and socioeconomic impacts, both globally and regionally, observed and projected [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . There was a general perception that climate extremes have occurred more frequently in recent decades based on natural hazard records, as compiled by the insurance sector [15] . Climate extreme studies usually include two categories of
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Background of Climate in China
Located in the eastern part of Eurasia, China has a complex terrain and diverse climatic types, including a continental monsoon climate. Annual temperature decreases from southeast to northwest, with the highest temperature in South China and the lowest at the northern border and the Qing-Tibet Plateau (Figure 1a ). Annual precipitation also decreases from southeast to northwest, with the highest precipitation greater than 1600 mm, in the southeast coastal region, and the lowest precipitation less than 50 mm, in the desert region of the northwest (Figure 1b) . Regionally, annual temperature is on a significant increasing trend all over China (Figure 2a ). It is reported that China experienced a warming trend with increased surface air temperature by 1.1 • C over the past 50 years and 0.5-0.8 • C over the past 100 years, slightly higher than the global temperature increase for the same periods [37] . Annual precipitation in the humid region (mainly including Southeast China and Southwest China) and the arid region (mainly including the Qing-Tibet Plateau and Northwest China) of China showed increasing trends, and a negative trend in the semihumid/semiarid regions (mainly including Northeast and North China, and the border area between the Qing-Tibet Plateau and Southwest China) ( Figure 2b ). The trends in aridity index indicate a warmer and wetter climate in the humid and arid regions, and a warmer and drier climate in the semihumid/semiarid regions [38] . Under the intricate background of hydrographical characteristics and climate change, climate extremes associated with heavy rainfalls, floods, and droughts in China usually give rise to catastrophic material damage and fatalities. Therefore, studying the changes of climate extremes in China is of great significance, not only regionally, but also globally, because they could be used as an indicator to deal with climate change over diverse settings. Located in the eastern part of Eurasia, China has a complex terrain and diverse climatic types, including a continental monsoon climate. Annual temperature decreases from southeast to northwest, with the highest temperature in South China and the lowest at the northern border and the Qing-Tibet Plateau (Figure 1a) . Annual precipitation also decreases from southeast to northwest, with the highest precipitation greater than 1600 mm, in the southeast coastal region, and the lowest precipitation less than 50 mm, in the desert region of the northwest (Figure 1b) . Regionally, annual temperature is on a significant increasing trend all over China (Figure 2a) . It is reported that China experienced a warming trend with increased surface air temperature by 1.1 °C over the past 50 years and 0.5-0.8 °C over the past 100 years, slightly higher than the global temperature increase for the same periods [37] . Annual precipitation in the humid region (mainly including Southeast China and Southwest China) and the arid region (mainly including the Qing-Tibet Plateau and Northwest China) of China showed increasing trends, and a negative trend in the semihumid/semiarid regions (mainly including Northeast and North China, and the border area between the Qing-Tibet Plateau and Southwest China) (Figure 2b ). The trends in aridity index indicate a warmer and wetter climate in the humid and arid regions, and a warmer and drier climate in the semihumid/semiarid regions [38] . Under the intricate background of hydrographical characteristics and climate change, climate extremes associated with heavy rainfalls, floods, and droughts in China usually give rise to catastrophic material damage and fatalities. Therefore, studying the changes of climate extremes in China is of great significance, not only regionally, but also globally, because they could be used as an indicator to deal with climate change over diverse settings. Located in the eastern part of Eurasia, China has a complex terrain and diverse climatic types, including a continental monsoon climate. Annual temperature decreases from southeast to northwest, with the highest temperature in South China and the lowest at the northern border and the Qing-Tibet Plateau (Figure 1a ). Annual precipitation also decreases from southeast to northwest, with the highest precipitation greater than 1600 mm, in the southeast coastal region, and the lowest precipitation less than 50 mm, in the desert region of the northwest (Figure 1b) . Regionally, annual temperature is on a significant increasing trend all over China (Figure 2a) . It is reported that China experienced a warming trend with increased surface air temperature by 1.1 °C over the past 50 years and 0.5-0.8 °C over the past 100 years, slightly higher than the global temperature increase for the same periods [37] . Annual precipitation in the humid region (mainly including Southeast China and Southwest China) and the arid region (mainly including the Qing-Tibet Plateau and Northwest China) of China showed increasing trends, and a negative trend in the semihumid/semiarid regions (mainly including Northeast and North China, and the border area between the Qing-Tibet Plateau and Southwest China) (Figure 2b ). The trends in aridity index indicate a warmer and wetter climate in the humid and arid regions, and a warmer and drier climate in the semihumid/semiarid regions [38] . Under the intricate background of hydrographical characteristics and climate change, climate extremes associated with heavy rainfalls, floods, and droughts in China usually give rise to catastrophic material damage and fatalities. Therefore, studying the changes of climate extremes in China is of great significance, not only regionally, but also globally, because they could be used as an indicator to deal with climate change over diverse settings. 
Data
Data for this study were provided by the China Meteorological Administration from approximately 680 stations throughout China from 1 January 1961 to 31 January 2008. Observations mainly include daily precipitation, with the corresponding type and amount recorded. There are six types of readings: (1) no precipitation, (2) zero precipitation (trace precipitation, daily precipitation reading less than 0.1 mm), (3) precipitation from rainfall, (4) precipitation from snow and rain, (5) precipitation from pure snow, and (6) precipitation from frost, fog, and dew. All days with the latter type of precipitation are regarded as non-precipitation days because precipitation from frost, fog, and dew is considerably low in our analysis. Data in this study were quality controlled; if there were missing observations longer than 6 days, the data series of the meteorological station was not used; for stations with missing observations less than 6 days, the missing ones were interpolated by inverse distance weighted interpolation. After filtering data for missing observations, 500 stations were considered in this analysis. Since drought events are always related to consecutive dry days, we put the data in a time-consecutive order. Since the only way to get climatic information is to make measurements and to enlarge the available meteorological network, our analysis was based on the actual observation stations, but not the interpolated uniform grids due to the serious difficulties in interpolation measurements to a uniform grid [39] .
Determination of Extreme Indices
Selecting an appropriate threshold is a critical problem in climate extreme analysis. An event with a too-low threshold cannot be called a climate extreme event, and a too-high threshold will generate few excesses. To examine the changes of such extremes over time, a variety of extreme climate indices should be selected first, such as the intensity of daily precipitation per year, which exceed or fail to exceed specific absolute thresholds. However, what is considered as an extreme threshold in one region might not be adaptable to another, e.g., a precipitation extreme in Northwest China could be considered quite normal in Southeast China. To overcome this problem, thresholds based on CDF for each meteorological station were also defined. To ensure that the index time series could be easily extended into the future, the base period was usually chosen to be consistent with a recent World Meteorological Organization (WMO) operational climatology base period (e.g., 1961-1990 or 1971-2000) . In this study, the period 1971-2000 was used.
Thresholds of Precipitation and Drought Extremes
The cumulative distribution function (CDF) is a useful and efficient tool for comprehensive descriptions of distributions of any climatological variables. Supposing F(x) is the CDF, it can be regarded as the proportion of the population whose value is less than x. In this study, the 95th percentile was chosen as the PE threshold grade. This is a fraction of total daily precipitation that exceeds the 95th percentile of the distribution for daily amounts (daily precipitation greater than or equal to 0.1 mm) from 1971 to 2000, and the corresponding precipitation value is the PE threshold value (Figure 3a ). For instance, in Figure 3a , daily precipitation greater than 38.0 mm can be regarded as a PE event. Using this method, PE thresholds at each meteorological station can be determined.
Consecutive dry days (CDD) without rainfall can lead to and enhance drought stress. The longer the rainless days, the greater the drought stress. In order to investigate the changes of DE in China, we chose a supposed level of CDD as the DE threshold for each meteorological station. That is, if an observed CDD is longer than the supposed CDD, it can be called a DE event. CDD in this study refers to consecutive days with daily rainfall less than 0.1 mm, which are climatically nonprecipitation days. The threshold value was obtained in the following ways. The CDD series were obtained by arithmetic progression, i.e., 2, 5, 8, . . . , and the corresponding times of occurrence of each CDD element during 1971 to 2000 were computed based on the relationship between the CDD series and its frequency occurrence series, the probability density function of CDD could be established, and then the cumulated distribution function (Figure 3b ). The 95th percentile was also chosen as the DE threshold, i.e., if an observed CDD was longer than the corresponding 95th percentile CDD value, it could be called a DE event. 
Frequency and Intensity Index Selections of Precipitation and Drought Extremes
Once the threshold was defined, the threshold exceedance time series was estimated to obtain our climate extreme indices. For the frequency of PE and DE, we took the times of their occurrence as the indices. For the intensity of PE, we chose the maximum daily precipitation (MDP) of each year instead of the average intensities of exceedance values. For the intensity of DE, we chose annual maximum consecutive dry days (MCDD) as the index instead of the average intensity of threshold exceedance.
Relative Change Rate
Issues with data availability are particularly important when examining changes in given climate extremes [40] . Indeed, the more rare the event, the more difficult it is to determine long-term changes, simply because there are fewer cases to evaluate [41, 42] . Trend analysis of PE was usually done with low confidence due to the rare threshold exceedance and its high degree of dispersion, especially in arid areas, so we used the relative change rate method [43] in this study to evaluate the changes in frequency and intensity of precipitation and droughts extremes.
For better spatial comparison and analysis, the unit was normalized in the analysis of trends in PE and DE change rates between two periods, i.e., the ratio of the difference of annual mean between the two periods to the annual mean of the reference period. The formula can be described as follows [44] :
where cm R is the relative change rate, 1
x is the annual mean frequency/intensity of PE (or DE) in the reference period, and 2
x is that of the target period.
Results
Threshold Spatial Patterns of Precipitation and Drought Extremes
The spatial distribution of PE thresholds is shown in Figure 4a . The threshold distribution pattern was similar to the annual precipitation isohyet pattern. The value was lowest in the northwest and got larger from northwest to southeast. In Northwest China, an arid region, daily precipitation less than 10 mm could be recognized as an extreme precipitation event, while in South China, it should be greater than 50 mm to be called an extreme precipitation event. In semiarid/semihumid regions, the thresholds ranged from 10 mm to 30 mm in general, and in humid 
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Relative Change Rate
where R cm is the relative change rate, x 1 is the annual mean frequency/intensity of PE (or DE) in the reference period, and x 2 is that of the target period.
Results
Threshold Spatial Patterns of Precipitation and Drought Extremes
The spatial distribution of PE thresholds is shown in Figure 4a . The threshold distribution pattern was similar to the annual precipitation isohyet pattern. The value was lowest in the northwest and got larger from northwest to southeast. In Northwest China, an arid region, daily precipitation less than 10 mm could be recognized as an extreme precipitation event, while in South China, it should be greater than 50 mm to be called an extreme precipitation event. In semiarid/semihumid regions, the thresholds ranged from 10 mm to 30 mm in general, and in humid regions, the thresholds were all greater than 30 mm, and greater than 40 mm in the Jianghuai Basin in the lower reaches of the Yangtze region.
On the contrary, the DE threshold values increased from southeast to northwest generally (Figure 4b) , with the minimum thresholds distributed in the middle-lower reaches of the Yangtze region and the maximum in the desert region of Northwest China. This means that CDD longer than about 10 days could be considered as DE events in the middle-lower reaches of the Yangtze region, while in the desert region of Northwest China, CCD longer than 40 days or even longer can be recognized as DE events, and in North China, the threshold ranges from 20 to 40 days. 
Spatial Patterns of the Changes in Precipitation and Drought Extremes
Relative Change Rate of Precipitation Extreme
It has been reported that the large-scale climate background changed greatly in the early 1980s [45] , and PE has occurred more since the 1980s in China [46] . In this section, we divided the threshold exceedance data into two periods to compare and analyze their relative change rate in frequency and intensity, using 1961-1984 as the reference period and 1985-2007 as the target period. 
Spatial Patterns of the Changes in Precipitation and Drought Extremes
Relative Change Rate of Precipitation Extreme
It has been reported that the large-scale climate background changed greatly in the early 1980s [45] , and PE has occurred more since the 1980s in China [46] . In this section, we divided the threshold exceedance data into two periods to compare and analyze their relative change rate in frequency Figure 5a , and that of intensity is shown in Figure 5b . R cm is the relative change rate.
Generally, the frequency of extreme precipitation increased during 1985-2007 in most of China, including most of Northeast and Southeast China, the Qing-Tibet Plateau, and Northwest China, and R cm in most of Xinjiang, Gansu, the western part of Southwest China, and southeastern China exceeded 5%, while in most of North China and the eastern part of Southwest China a reduction in frequency of extreme precipitation was detected. These results were similar to those of Fu et al. [19] . The spatial distribution of intensity of precipitation extremes was similar to that of frequency, but had relatively higher heterogeneity and showed a more mixed pattern. There was a smaller increasing trend at stations than frequency trend, except North China showed a significant decreasing trend, and R cm of many stations in North China exceeded 5%. Overall, stations with increasing frequency of precipitation extreme (FPE) account for 59.8% of the total, and those with increasing intensity of precipitation extreme (IPE) account for a somewhat lower 58.4%. Figure 5a , and that of intensity is shown in Figure 5b . cm R is the relative change rate. Generally, the frequency of extreme precipitation increased during 1985-2007 in most of China, including most of Northeast and Southeast China, the Qing-Tibet Plateau, and Northwest China, and cm R in most of Xinjiang, Gansu, the western part of Southwest China, and southeastern China exceeded 5%, while in most of North China and the eastern part of Southwest China a reduction in frequency of extreme precipitation was detected. These results were similar to those of Fu et al. [19] . The spatial distribution of intensity of precipitation extremes was similar to that of frequency, but had relatively higher heterogeneity and showed a more mixed pattern. There was a smaller increasing trend at stations than frequency trend, except North China showed a significant decreasing trend, and cm R of many stations in North China exceeded 5%. Overall, stations with increasing frequency of precipitation extreme (FPE) account for 59.8% of the total, and those with increasing intensity of precipitation extreme (IPE) account for a somewhat lower 58.4%. 
Relative Change Rate of Drought Extreme
Once the thresholds of drought extremes were determined, the threshold exceedance time series were obtained. Similar to the precipitation analysis, we divided the threshold exceedance data into two periods, 1961-1984 and 1985-2007 , and analyzed the annual relative change rates by the method described in Section 2.4. The spatial distribution of frequency of drought extreme (FDE) and intensity of drought extreme (IDE) are shown in Figure 6a ,b, respectively.
Generally, drought extreme occurred less (Figure 6a ) with decreasing intensity (Figure 6b ) in most of Northwest China, the Qing-Tibet Plateau, and parts of Northeast China during 1985-2007 than 1961-1984 . At many stations in Northwest China and the Qing-Tibet Plateau, decreasing frequency R cm exceeded 10%. However, DE occurred much more, with a dramatic increasing trend in intensity in Southwest, Southeast, and parts of North China. R cm of frequency and intensity in most of the middle-lower southern Yangtze area exceeded 20% and 10%, respectively. Areas between the lower reaches of the Yangtze and Yellow Rivers showed a slightly decreasing trend in intensity of drought extreme. Overall, stations with increasing frequency account for 74.8% of the total, and intensity for 60%. Once the thresholds of drought extremes were determined, the threshold exceedance time series were obtained. Similar to the precipitation analysis, we divided the threshold exceedance data into two periods, 1961-1984 and 1985-2007 , and analyzed the annual relative change rates by the method described in Section 2.4. The spatial distribution of frequency of drought extreme (FDE) and intensity of drought extreme (IDE) are shown in Figure 6a and 6b, respectively.
Generally, drought extreme occurred less (Figure 6a ) with decreasing intensity (Figure 6b ) in most of Northwest China, the Qing-Tibet Plateau, and parts of Northeast China during 1985-2007 than 1961-1984 . At many stations in Northwest China and the Qing-Tibet Plateau, decreasing frequency Rcm exceeded 10%. However, DE occurred much more, with a dramatic increasing trend in intensity in Southwest, Southeast, and parts of North China. Rcm of frequency and intensity in most of the middle-lower southern Yangtze area exceeded 20% and 10%, respectively. Areas between the lower reaches of the Yangtze and Yellow Rivers showed a slightly decreasing trend in intensity of drought extreme. Overall, stations with increasing frequency account for 74.8% of the total, and intensity for 60%. 
Regional Frequencies and Intensities of Precipitation and Drought Extremes
We calculated the station mean Rcm of PE and DE in each region (regions in Figure 1b and Rcm in Table 1 ), and the results show that increased PE during 1985-2007 was detected in most of the six regions, except North China, while reduced DE was detected mainly in Northwest China and the 
We calculated the station mean R cm of PE and DE in each region (regions in Figure 1b and R cm in Table 1) , and the results show that increased PE during 1985-2007 was detected in most of the six regions, except North China, while reduced DE was detected mainly in Northwest China and the Qing-Tibet Plateau, and a slight decrease in intensity in Northeast China. In detail, the maximum R cm of FPE was found in Northwest China and the Qing-Tibet Plateau, with values of 16.13% and 8.12%, respectively. The maximum FDE R cm increases were found in Southwest and Southeast China, whose IDE increments were also the maximum. North China took third place in DE increase. To sum up, Southeast and Southwest China were under the threat of both PE and DE. North China showed a decrease in precipitation extremes, but an increase in drought extremes, while in the Qing-Tibet Plateau and Northwest China, there was a reduction in drought extremes but an increase in precipitation extremes. Generally, station-mean-increased frequency of PE and DE was relatively larger than mean-increased intensity. Also, station-mean-increased DE was generally larger than PE in China as a whole.
Discussion
From the above analysis, we got an idea of the spatiotemporal changes in frequency and intensity of PE and DE in different climatic regions in China. The stations with increasing trends all exceeded 50% in China as a whole (Section 3.2), and based on the statistics of China as whole (Table 2) , the values of mean and 1/2 quantile were both positive, which may indicate that there were more stations with increasing than decreasing trends of frequency and intensity of PE and DE. Increased FDE was usually higher than increased FPE, so the values of 1/4, 2/4, and 3/4 quantiles and mean may illustrate that the increasing trend of DE was more common and significant than that that of PE. Compared to drought extremes, variations in precipitation extreme showed a relatively mixed pattern with higher heterogeneity. The variation coefficient (C v ) in Table 2 also illustrates this, as the C v values of frequency and intensity of drought extremes were less than those of precipitation extremes, i.e., FDE < FPE and IDE < IPE. In addition, for increased frequency and intensity of PE and DE, there are always more stations detected with increasing frequency than intensity, with more clustered regional distribution, and this illustrates that the trend of increasing intensity of PE and DE was not as widely distributed as that of frequency. We also computed the trends in different intensities of daily precipitation to give a detailed interpretation (Figure 7 ) of the trend patterns of PE and DE in different regions. The levels of precipitation intensity were divided by the 75th percentile threshold value; precipitation intensity between 75% and 95% was called a mid-intensity level, and below 75%, a lower-intensity level. The trend analysis was conducted by the climate trend rate method. The results in Figure 7 show the following: (1) The two intensity levels of precipitation had an increasing trend in Northwest China and the Qing-Tibet Plateau, with a significant increasing trend in annual precipitation (Figure 2b ). This may indicate an increasing trend of precipitation events of various intensities in these two regions, which coincides with the reduction of drought extremes and increase of precipitation extremes. (2) Stations in the southeastern part of China detected decreasing trends, particularly the spatial distribution of a decreasing trend of low-intensity precipitation similar to that of increasing DE. This may illustrate that lower-intensity precipitation related most to CCD. It was no wonder that DE had such a significant increasing trend in Southwest and Southeast China; combined with increased annual precipitation, South China was also at risk of increasing PE. (3) North China was identified to have slightly decreasing trends in both mid-and lower-intensity precipitation and annual precipitation, which may explain its second place in the increasing trend of DE and decreasing trend of PE. These findings are accordance with the conclusions of many previous studies: annual precipitation in Northwest China in the arid region had an obviously increasing trend [47] , and an increasing trend was also detected in the humid region, but not as significantly as in the arid region, while a decreasing trend was reported in semihumid/semiarid regions in the past 50 years [38] ; Yan et al. (2000) [27] found a reduction of lower-intensity rain in North China; Zhai et al. (1999) [28] reported a dramatic decrease of rain days in North and Southeast China; Zhi et al. (2006 and [45, 48] pointed out that the decreased lower-intensity precipitation (especially 0-7 mm precipitation days) was the cause of the beginning of drought in northern China in the early 1980s, based on the fractal characteristics of daily precipitation in China; Feng et al. (2009) [49] predicted a decreasing trend of rainfall days in the southeastern part of China based on the fractal model. In addition, Hu et al. (2017) [43] predicted an increasing trend in North China in the future decade based on the fractal model.
To sum up, this study concentrated on the rapid extraction and analysis of changes in precipitation and drought extremes during the past half-century in China. However, the methods we used are just a standard, using simple statistics. In the future, we will investigate the fractal characteristics of daily precipitation and drought extremes and identify their attributions based on the power law model [14, 50] . We also computed the trends in different intensities of daily precipitation to give a detailed interpretation (Figure 7 ) of the trend patterns of PE and DE in different regions. The levels of precipitation intensity were divided by the 75th percentile threshold value; precipitation intensity between 75% and 95% was called a mid-intensity level, and below 75%, a lower-intensity level. The trend analysis was conducted by the climate trend rate method. The results in Figure 7 show the following: (1) The two intensity levels of precipitation had an increasing trend in Northwest China and the Qing-Tibet Plateau, with a significant increasing trend in annual precipitation (Figure 2b) . This may indicate an increasing trend of precipitation events of various intensities in these two regions, which coincides with the reduction of drought extremes and increase of precipitation extremes. (2) Stations in the southeastern part of China detected decreasing trends, particularly the spatial distribution of a decreasing trend of low-intensity precipitation similar to that of increasing DE. This may illustrate that lower-intensity precipitation related most to CCD. It was no wonder that DE had such a significant increasing trend in Southwest and Southeast China; combined with increased annual precipitation, South China was also at risk of increasing PE. (3) North China was identified to have slightly decreasing trends in both mid-and lower-intensity precipitation and annual precipitation, which may explain its second place in the increasing trend of DE and decreasing trend of PE. These findings are accordance with the conclusions of many previous studies: annual precipitation in Northwest China in the arid region had an obviously increasing trend [47] , and an increasing trend was also detected in the humid region, but not as significantly as in the arid region, while a decreasing trend was reported in semihumid/semiarid regions in the past 50 years [38] ; Yan et al. (2000) [27] found a reduction of lower-intensity rain in North China; Zhai et al. (1999) [28] reported a dramatic decrease of rain days in North and Southeast China; Zhi et al. (2006 and [45, 48] pointed out that the decreased lower-intensity precipitation (especially 0-7 mm precipitation days) was the cause of the beginning of drought in northern China in the early 1980s, based on the fractal characteristics of daily precipitation in China; Feng et al. (2009) [49] predicted a decreasing trend of rainfall days in the southeastern part of China based on the fractal model. In addition, Hu et al. (2017) [43] predicted an increasing trend in North China in the future decade based on the fractal model.
To sum up, this study concentrated on the rapid extraction and analysis of changes in precipitation and drought extremes during the past half-century in China. However, the methods we used are just a standard, using simple statistics. In the future, we will investigate the fractal characteristics of daily precipitation and drought extremes and identify their attributions based on the power law model [14, 50] .
(a) 
Conclusions
The spatial distribution pattern of extreme precipitation thresholds was similar to the annual precipitation isohyet pattern. The value was lowest in the northwest, and became larger from northwest to southeast. The extreme drought thresholds increased from southeast to northwest generally, with the minimum thresholds distributed in the middle-lower reaches of the Yangtze region and the maximums in the desert region of Northwest China.
Precipitation extremes increased in all regions except North China, while increasing trends of drought extremes were commonly detected in all regions except Northwest China and the Qing-Tibet Plateau. The maximum change rates in the frequency of precipitation extremes were found in Northwest China and the Qing-Tibet Plateau, with values of 16.13% and 8.12%, respectively. The maximum change rates in the frequency of drought extremes were in Southwest and Southeast China, whose increased intensity of drought extremes was also the maximum. Besides, variations in precipitation extremes showed a relatively mixed pattern with higher heterogeneity compared to drought extremes.
Changes in precipitation and drought extremes relate to mid-intensity, lower-intensity, and total precipitation. With decreased mid-and lower-intensity precipitation and increased total precipitation, Southwest and Southeast China were under a growing threat of both precipitation and drought extremes. With increased mid-intensity, lower-intensity, and total precipitation, Northwest China and the Qing-Tibet Plateau showed increasing trends in precipitation extremes but decreasing trends in drought extremes. 
